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ABSIRACT -

iow terperature flat plote collector designs can take many Gifferent
forms and make use of a variety of matericis. Collectors can be liquid
heaters, air heaters, heat-pipe neat exctanged, or a hybric arrangerent when
combired with passive systers. They can te factory-manufactured rodules,
site ossembly of factory-ranutactured ccrponents, factory saanufzactured into
transpoctable tousing, or completely site-vonstructecd., fiateriai selection
for all components rust be evajuateu with respect 1o operating parzreters,
performance, durability, and adove all, life—cycle coscing.

DTEODUCTTION

Solar collector cesign and develogment is at
a point where there is a worldwice ccfort to
stucy, cevelup and cetermine tne performance of
soler ocolicctors anu collector sycstems., Flat
plate solar collector designs range frem the rore
irexpencive plostiss and gererul constriction
materials to the hich therral periorrance flat
plates anw evacuatcu tube coliectors. lich
effort, Loth comrercial ano youvernhent-supzorted,
is being aimed at irgroving the therral
perforrcce, curabliity, and recueirg costs .
All of these resuits rust be carefuily evaiuatec
fron a "cost of energy celivereg to the end use®
sta~cpoint.

EASIC FLAT PLATE COLLECTCR DESIGN

Many types of solar collectors have been
céesigred and iwilt. At the los temperaturcs used
for water cr gpace heating, fla:t plate types vork
with reascnauvle efficiency anu are relatively -
easy tc construct.

The major functional parts of a collector are
the absorber surface, ocoolast pussages, cover
glaziny ard bock insulation as shown in Fiaure 1.

Collcctors are designed to maxinrze
abzorption of solar raciatice ~na wi'umize hoat
lasses. 7he predominant reat luss i Ciiniscs
fren the frent face are by convecticn and
radlation. Convection lcuses can be controlled
by the uvze cf transporent covers or &y using
oconvection supprassion honeycomss ar evacuated
oollectars. Lzulation losses are scietines
reduced by meads of a "selective" cocting on the
atgozker surfece vhich has a high acsorptance for
the soler spectrum anc a low enittance for the
infrazed re-radiscion spectrum.  Other ainor heat
less mechanicns are conduction to the ocllector
beckside and wge.
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Fig. ). Basic ocollector.
Sare: oF the wony veriations in goometry are
shown in Fig. 2. Not sixwn are the tubuler
non-ooncentrating type of collectors.

MAJOR DESTGN CONSIDIDATIONS

Absirioers:
Tuerperature capability
Precsuze
Correoion resistance
Corpatioiiity w/fluids and ebsoroer ccatirgs
Fatigue ¢nd creep resictance
Specific heat :
ftermal exoaannica
Cost./Dacabil ity

"work perfocre. uncer the aucpices of the U.S. Depactrenc of Erergy, RaD wranch for Heating and Oooling,
Officae of the Assistant Secretasy “or Conservatlon and Selar Encegy.
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The preceding variations are reprecentative
of a cspecific type of collector and can vary
depending Lpon the actual type and gacmetry.
They co, hosever, represent the wine range of
per formances and terperaturcs ceperndent upcn ‘the
basic cesign arnd properties celected.

SOLAR ASSESS: ENTH

In order to assess in detail the state of the
techrology for solar heating and cooling of
tuildings, five 2-day meetings vere held curing
Ducerber, 1975, Experts vers recruiteu ror trese
reetings from incustry botn large end swall,
univers ties, ard government leooratories. fGhe
meeting subjects were solar collectors, therrmal
storage, air conditioning and heat puargs, Systens
ard controls, and nen-engincering asped's of
solar enecqy. The meetings based ca exch topic,
discussed the cetails of the state of the art,
the probiem arecas, ad the ovjectives of
necessary research and cevelopment,

Solar collectors' neoeds, materiols probiens,
raterial copasilities and orjectives were
established. Rosults of thiy ascessment were
factored into the Naticral Plan foc Pcseerch arxd
Developrent in Soler Keating ena Cooling? and
estanlisned tie framevorx for the PRDA and RiP
solicitations,

DOZ COLLECTOR MATIRIALS R&D PROGRASD

There are presently 32 projects furced by DOE
specifically focused on evaluating or ceveloping
new materials for solar collectors. 1hese
projects fall into the following oasic six
categories:

Develogment of Selective Surfaces
Cover Platc Stuay and Develogment
Coolants and Ccrrosion

S:=alants end Breething

Freeze Prctecticn

Expusure Testirg

These progrars, which will be of great
assistance in the cesign of onllectors by

providing tetter materials and a gceater
understanding of solar raterials are 25 folloms.

DEVZLOAENT OF SULECTIVE SURFACES

© Berry Solar Products
®"Coamrercial celective surfaces
applicable to ccoper, alunimm, and
stainless steel, treir ocost
effective imprcvement and evaluaticn
of potential curapbility in solar
absorbers.”

o0 De Sotn, Inc.
"Solar selective absoroer oosiings =y
the electrodepositica of parat.”

0 boneywell Systens & Research Center
"Selective paint ana olack carane
coatings development.”

O Lockheed Missiles & Spece Carpany
"Study Of rmetal/=etal oxide anc otier
selective surfaces, ccating technicies,
stability, optical perforrarce end
costs "

QUVIR PIATES

Honeycort

0 Battelle Pacific Nocthwest Lebs
"Develcpment cf improved cover plates
for solar collectors.”

0 University of Califcrnic
"Transparent glass honeyeoaod for ensrgy
loss control.”

o0 loackheed Missile:n wd Space Corgany
"Optimizaticn of thin fila transparent
plastic loneycers coverea Liet-plave
solar collector.”

Anti-Refloctance and Y.R. Coatings
o General Electric I
"ALR. ana T.R. ccatings on glass.”

O loneysell, irec.
Solective ILR. refleckive ooatings
aevelozrent”, ard “Low-cost solag anbti-
reflection coatings.”

© Bughes Aircralt Carpany
“ton=glaus glazings ana surface
coatings. "

© Research Triangle Institute
"Non-qlass glazings."

O Springborn lLaboratories
"Stuwdy of ron-glass clazinas, surfece
coatings and UV protective coatings for
plastic glazing."

o Tufts Uaiversity
"Stuwiles for precictasly rocifying the
optical constants of ooped indium cuide
filrs foc solar enecyy applicaticos.”



© University of Wisconsin
*polyrer surface ocoatings for aown-—
conversion of UV radiation end
inhicition.”

Glazigg Protection

© Altas Corpcration
*Develoment of cost effective
technigues arxi concepts for the
protection cf glazings against breakoge
causerd by hail, vandals or thermal
stresses.”

OOOLANTS AND CO2ROSION

n Battelle Memorial Institute
"Study corrosion processes of coolants
and interaction of fluicds, acdditives
and systers."

o0 Dow Cornirg Corporation
"Develoment of superior liquig
coolants,.”

o E I C Zorpocation
*Corrosian protection of solar~
collector beat exchengers with electro-
chemically depositeu filxs."

o University of Frlorida
"Vegetable oils: a superior liguicd
ocoolant.”

o Giner Corporation
*Aluninun ccreosion studies for soler
heat oollectors.”

o Monsanto Research Corporaticn .
"Study of superior liquid coolants."

INSULATING PAT=RIALS

o Dow Corning Corporation
"Develcorent of improved insulation
materials.”

© Solar, nIC
*Develogment of polyimice materials
for use in solar energy systems.™

o Versar
*Study and survey of thermal insulating
raterials,”

SEALANTS & BREATHING

o Products Research & Cherical Corporaticn
*Develogment of «0u%r resistant
sealants for flat plate soiar colliector
construction and installatica.”

© Vestinghouse Electric Corporation.
"Study of collector sealants end
collector breathing.”

©  Aretex, Irc. .
"Develeoment of irproved breothing
oontrol technigues.

FREEZE PROTECTION

© Polycet, Inc. .
“Develcarent of a freeze—tolerant solarc
water heater using cross—linkea poly-
ethylere.”

© I I T Research Institute
*Exposure tosting and evaluation of
solar coliector materials.®

One of the major program outgrowths, besides
the basic raterials develogment, will be the
dissemination of information in the form of User
Handbooks .,

COLLECTOR PROBLE | AREAS

Many people haeve bequn looking at collector
systerms which have bean cperational for =cne time
and have pudlished their findings. Of these,
Skoda and rastecs’/, DOS (RASA, ASERAE and
tAH) 8 and casii? tave proviced a
carpiletion of scie of the pitialls to avoia.
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